Background: More information is needed about time between sexual initiation and human papillomavirus (HPV) infection and development of cervical precancer.
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Conclusions: More than 25% of women were infected with HPV within 1 year of beginning sexual activity. Without underestimating the value of vaccination at older ages, our findings emphasize its importance before sexual initiation. Trial registration: clinicaltrials.gov: NCT00122681.
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Background
Human papillomavirus (HPV), the causal agent of cervical cancer, is believed to be the most common sexually transmitted infection worldwide, with up to 75% of sexually active people being infected during their life [1] . A persistent infection with an oncogenic HPV type is almost always required before development of cervical pre-cancer or cancer [2] [3] [4] . Fortunately, most HPV infections are transient and clear naturally within a few months [5] . Individual immune responses are important in determining the path of an infection, and a limited number of other non-viral determinants with modest risks for HPV infection and progression have been well established [6] [7] [8] [9] [10] [11] .
HPV vaccination programs have been introduced in many countries worldwide and are primarily targeted at adolescent girls. Vaccination before first sexual intercourse is important because HPV infection is frequently detected in sexually active adolescent girls and young women [12, 13] . HPV infection often occurs shortly after onset of sexual activity, and many girls and women acquire an infection with their first sexual relationship [13] [14] [15] [16] .
To add to the body of knowledge concerning the natural history of HPV, more data are needed about the time between onset of sexual activity and first acquisition of HPV infection and first development of detectable lesions under surveillance using defined referral algorithms. However, few prospective data are available [13, 15, 16] . The control arms of large trials of prophylactic HPV vaccines are well placed to inform such questions, with large samples of women with relatively diverse behavioral characteristics, and data collected on acquisition of different HPV types, development of pre-cancerous lesions, and factors potentially influencing infection and progression to the first precancerous lesion.
We have previously reported an analysis of the risk of progression from cervical HPV infection to pre-cancerous lesions or clearance of infection from the PApilloma TRial against Cancer In young Adults (PATRICIA), a phase III trial of the HPV-16/18 AS04-adjuvanted vaccine (Cervarix®) in over 18,000 young women [17] . Here, we report an analysis of the time between first sexual intercourse and acquisition of the first cervical HPV infection or development of the first pre-cancerous lesion.
Methods
This analysis was based on data obtained from the control arm of the double-blind, randomized, multinational (14 countries), controlled, 4-year PATRICIA trial which enrolled women aged 15-25 years. The objectives were to investigate the time between first sexual activity and either detection of the first cervical HPV infection or development of the first cervical intraepithelial neoplasia (CIN), and associated factors.
Study population and procedures
The PATRICIA trial design has been described previously [18, 19] . Written informed consent to participate in the clinical trial was obtained from all adult participants; for minors, written informed consent was obtained from their parents or guardians and assent from the participants themselves.The protocol and other materials were approved by local independent ethics committees or institutional review boards (Additional file 1). The clinical trial was carried out in accordance with The Code of Ethics of the World Medical Association (Declaration of Helsinki) and is registered at ClinicalTrials.gov under number NCT00122681.
PATRICIA enrolled women with no more than 6 lifetime sexual partners. The exclusion criterion of no more than six lifetime sexual partners was not applied in Finland, in accordance with local regulatory and ethical requirements, so women with more than six lifetime sexual partners enrolled in Finland were included in the trial [20] . The analysis was based on women from the control arm of the total vaccinated cohort for efficacy (TVC-E) which included all women who received at least one dose of control vaccine and had normal or low grade cytology at baseline. The present analysis included women who began sexual intercourse either during the follow-up period or less than 6 months before enrolment. Women beginning sexual intercourse during the study must not have had HPV infection detected before the first recorded date of sexual intercourse. However, women who began sexual intercourse within 6 months before enrolment were included regardless of whether they had a prevalent HPV infection at baseline or not. HPV genotyping of cervical liquid-based cytology samples by polymerase chain reaction (PCR) was done at baseline and every 6 months. The Bethesda system was used for cytologic classification approximately every 12 months, with histologic classification of any biopsies. We tested for the following oncogenic HPV types: HPV-16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68,  and for the following non-oncogenic types: HPV-6, 11,  34, 40, 42, 43, 44, 53 , 54, 70, and 74 [21] .
A self-administered behavioral questionnaire collecting data on smoking, sexual activity, and contraception was completed 1 month after first vaccination and yearly thereafter during the follow-up period [22] . Participants were informed that the term sexual intercourse included penetrative, genital-to-genital, or oral-genital sexual contact.
Endpoint definitions
The first HPV infection detected or first CIN detected was used in the analysis. HPV infections were classified as an infection of any duration (HPVI) and as a 6-month persistent infection (6MPI). A 6MPI was defined as detection of the same HPV genotype in cervical samples at two consecutive evaluations over approximately a 6-month period i.e. a sequence of positive samples with the same HPV type not interrupted by negative samples over a total range of >5 months (>150 days). The start of the 6MPI was defined as the date of the first positive sample in the sequence. Histopathologically confirmed CIN was detected in biopsy samples after colposcopy or excision samples after treatment. Endpoints were defined as CIN grade 1 or greater (CIN1+) and CIN grade 2 or greater (CIN2+). Only HPV-positive lesions were included in the analysis.
Statistical analysis
Incidence rates for HPVI, 6MPI and CIN were calculated per 100 person-years (PY) according to individual HPV type, with 95% confidence intervals (CI). The time to detection of the first cervical HPV infection or development of the first CIN lesion was measured from the date of first sexual intercourse reported by the woman. Thus, although visits were scheduled for every 6 months, it was possible to establish a duration of infection of less than 6 months. The time between onset of sexual activity and detection of the first infection or CIN lesion was analysed using the Kaplan-Meier method as well as univariate and multivariable Cox proportional-hazards models. The statistical unit was the subject.
Nine potential factors (covariates) associated with acquisition of HPV infection were included in the models: region, tobacco exposure measured as number of packyears (one pack-year was equivalent to 365 packs of cigarettes), age at first sexual intercourse (15-17 years and ≥ 18 years), number of sexual partners during the past 12 months, number of lifetime sexual partners, history of Chlamydia trachomatis during the past 12 months, marital/partner status, use of hormones for contraception or other indication, and duration of use of hormones for contraception or other indication. The number of lifetime sexual partners was determined from the behavioral questionnaire. All behavioural covariates were considered as time dependent and therefore no proportional hazard checks were required. Region and age were considered as time-fixed covariates and the hazard assumptions were assessed directly from the KaplanMeier curves. In addition, for the time to detection of a 6MPI, CIN1+ and CIN2+, the models also included previous cervical HPV infection as a time-varying covariate. Previous cervical HPV infection was defined as an HPV infection preceding the onset of the referent 6MPI or preceding the onset of the referent infection associated with a CIN1+ or CIN2 +.
Data were censored for women who completed the study at 54 months after first sexual intercourse (although follow-up lasted for 48 months, women were included in the analysis if they had their first sexual experience within 6 months before enrolment). For women who did not complete the study, data were censored at their last recorded visit. Covariates with a p-value <0.2 in the univariate model were included in the multivariable models, with the exception of region which was always included regardless of the p-value obtained. All analyses were performed using SAS version 9.2.
Results

Subject disposition and characteristics
A total of 982 women who experienced first sexual intercourse during the study and had no HPV infection detected before the recorded date of their first experience of sexual intercourse, and women who experienced first sexual intercourse less than 6 months before inclusion, were included in the analysis (Figure 1 ). Among these 982 women, mean age was 17.4 years (standard deviation 2.13), and most were from Europe (65.6%, with 60.8% from Finland), followed by Asia-Pacific (17.1%), North America (9.6%) and Latin America (7.7%). Most women included in the present analysis had not experienced sexual intercourse before study entry (n = 793, 80.8%), 169 women (17.2%) had experienced first sexual intercourse within 6 months prior to study entry, and data on sexual history were missing for 20 women (2.0%). Eight (4.7%) and nine (5.3%) of the women who experienced first sexual intercourse prior to study entry were seropositive for HPV-16 or HPV-18, respectively, at study entry.
First cervical HPV infection of any duration and 6-month persistent infection: incidence and association of covariates An HPVI was detected in 496 women (50.5%; 27.08 per 100 person-years) ( Table 1) . No HPVI had been detected by the end of the follow-up period in 446 women (45.4%) who completed the study, and no HPVI had been detected by the time of their last visit in 40 women (4.1%) who discontinued before the end of the study. Corresponding values for 6MPI were 281 (28.6%; 13.29 per 100 person-years), 648 (66.0%) and 53 (5.4%). The first cases of HPV infections were detected within 2-3 months after sexual initiation and the cumulative number of women with an infection increased progressively throughout follow-up for both HPVI and 6MPI (Figure 2a and b) . The cumulative percentage of women infected with any HPV type at 12, 18, 24, 36 and 48 months was 28%, 36%, 44%, 53% and 62%, respectively ( Figure 2a ).
Among oncogenic HPV types, the most commonly detected HPVIs were HPV-51 (5.95 per 100 PY), HPV-16 (4.91 per 100 PY), HPV-52 (3.33 per 100 PY), HPV-18 (2.73 per 100 PY), and HPV-66 (2.51 per 100 PY) (Table 1) . These types were also the most commonly detected 6MPIs, although HPV-18 was slightly less common than HPV-66 (Table 1) . HPV-6 and HPV-53 were the most common non-oncogenic HPV types detected in HPVI (4.04 and 3.06 per 100 PY, respectively) and 6MPI (0.99 and 1.32 per 100 PY, respectively) ( Table 1 ). The incidence of infection with at least one oncogenic HPV type was considerably higher than the incidence of infection with only non-oncogenic types: 21.79 versus 5.30 per 100 PY, respectively, for HPVI, and 10.97 versus 2.32 per 100 PY, respectively, for 6MPI (Table 1 ; Figure 2a and b).
In the multivariable analysis, the main covariate associated with increased risk of acquiring an HPVI was a higher number of lifetime sexual partners. The hazard ratio [ The same covariates were significantly associated with higher risk of a 6MPI in the multivariable analysis, with the exception of hormone use for >48 months ( completed the study, and no CIN1+ had been detected by the time of their last visit in 66 women (6.7%) who discontinued before the end of the study. Corresponding values for CIN2+ were 29 (3.0%; 1.07 per 100 personyears), 886 (90.2%) and 67 (6.8%). The first cases of CIN1+ lesions were detected approximately 6 months following sexual initiation. The cumulative proportion of women developing a CIN1+ lesion was 3% at 24 months and 10% at 48 months (Figure 2c ). The first cases of CIN2+ lesions were detected within approximately 12-18 months after sexual initiation; the cumulative proportion of women developing a CIN2+ lesion was 1% at 24 months and 6% at 48 months (Figure 2d ). CIN lesions were most commonly associated with HPV-16 ( (Table 3 ). Age 15-17 years at first sexual intercourse was significantly associated with lower risk of developing CIN2+ compared with age ≥18 years; however, only 3 women with first experience of sexual intercourse at age 15-17 years experienced a CIN2 +.
A sensitivity analysis not including the factor of previous infection in the model did not change the HR for the other covariates for CIN1+ and CIN2+ (data not shown). Likewise, a sensitivity analysis of all lesions (including both HPV-positive and HPV-negative cases) revealed similar results except for CIN2+ where the cumulative duration of hormone use had a univariate p-value <0.2 and was thus included in the multivariable analysis (whereas it was not included in the multivariable analysis of HPV-positive CIN2+). However, it was not significant in the multivariable analysis.
Discussion
The analysis confirmed that HPV infection may be acquired relatively quickly following first sexual intercourse. The first cases of HPV infections were detected within 2-3 months following sexual initiation, and two thirds of women had acquired an infection within the 48 month follow-up period. Persistent infections were less common, detected in approximately one-quarter of women. The first cases of CIN1+ lesions were detected approximately 6 months following sexual initiation, and the first CIN2+ lesions approximately 12-18 months, but both were experienced by very few women.
Other studies of virginal women experiencing sexual intercourse for the first time have shown broadly similar rates of oncogenic HPV acquisition, although it is difficult to compare estimates directly because of differences across studies in outcomes and follow-up times. At 2 years after sexual initiation, we found an incidence of HPV infection of 44%. Two previous studies have found slightly lower incidences at this time point. A population-based cohort study conducted in Denmark found an incidence of 35% among 70 women recruited as virgins and experiencing first sexual intercourse within the follow-up period [15] , whilst a study of 444 HPV DNA-negative female students from the US (94 recruited as virgins and experiencing first sexual intercourse within the follow-up period) found an incidence of 39% for both women who were virgin and those who were sexually active at enrolment [13] . In the latter study, the minimum time between first sexual intercourse and detection of HPV was less than 1 month [13] . Likewise, the incidence of HPV infection at 3 years was 53% in our analysis, slightly higher than the 46% incidence at the same time point found among 242 women from the UK recruited within 6 months of first sexual intercourse and with only one partner [14] . In a study of 206 women from the Guanacaste cohort recruited as virgins and experiencing first sexual intercourse within the follow-up, the incidence of cervical HPV infection was 53% after a median follow-up of 3.6 years [16] , compared with an incidence of 62% after 4 years in our analysis.
In our analysis, the most common oncogenic HPV types in HPVI and 6MPI were HPV-16 and HPV-51, followed by HPV-52, and then by HPV-18 and HPV-66. HPV-6 was the most common non-oncogenic type; however, its incidence may be underestimated because the study did not systematically evaluate the external genital tract. In the overall PATRICIA cohort, the most common prevalent HPV types at study entry were HPV-16, followed by HPV-51, HPV-18, and HPV-31 [22] . This is in line with previous studies of the occurrence of different HPV types, although there is considerable variation between studies and regions in the exact ranking and incidence of the different types, and 95% confidence intervals of incidence are broad. In the Guanacaste subcohort of women recruited as virgins, the most common oncogenic HPV types detected were HPV-16, HPV-66, and HPV-52; HPV-53 was the most common non-oncogenic type detected [16] . Amongst HPV DNA-negative students from the US, the most common HPV types detected at first infection were HPV-16, HPV-56, and HPV-6 [13] . A meta-analysis of more than 1 million women worldwide found HPV-16 to be by far the most common type in women with normal cytology, followed by HPV-18, HPV-52, HPV-31, and HPV-58 [23] .
Few women experienced CIN1+ and even fewer experienced CIN2+, so estimates of time to lesion development and the most common HPV type associated with CIN lesions have somewhat low precision. However, it was clear that HPV-16 was by far the most frequent type found in CIN1+ and CIN2+, as seen in other studies [24, 25] .
In our analysis, higher number of lifetime sexual partners was most strongly associated with a higher risk of an HPVI or 6MPI. History of Chlamydia trachomatis infection and longer cumulative duration of hormone use also significantly increased the risk of acquisition. Although the univariate analysis indicated an increased risk for HPVI with tobacco exposure, the multivariable analysis showed no significant association. For the overall PATRICIA cohort, infection with HPV at entry was significantly associated with not being married or living with a partner, tobacco exposure, age <15 years at first sexual intercourse, higher number of sexual partners during the past 12 months, longer duration of hormone use, and history of a sexually transmitted infection [22] . The PATRICIA findings are in line with previous studies of risk factors influencing acquisition of HPV infection. In the Danish study of women experiencing first sexual intercourse mentioned previously, having ≥3 sexual partners increased the risk of infection 9-fold; age, smoking habits, oral contraceptive use, and age at first sexual intercourse were not significantly associated with infection [15] . In the US study of students, current smoking, current oral contraceptive use, higher number of lifetime sexual partners, male partners' number of prior sexual partners, and knowing a partner for less than 8 months before sexual intercourse were predictors of HPV infection [13] .
Previous cervical HPV infection was associated with lower risk of a 6MPI with any HPV type, perhaps indicating a protective effect of naturally acquired antibodies to the prior infection. In contrast, previous cervical HPV infection was strongly associated with increased risk of developing CIN1+ and CIN2+. In another analysis of the whole PATRICIA control group, previous infection with an oncogenic HPV type was also significantly associated with increased risk of developing CIN1+ and CIN2+ [17] . Accumulation of HPV infections may indicate that an [26] [27] [28] . Unfortunately, in the PATRI-CIA trial, information on HPV serology over time was only available for a sub-cohort of women, and the number of women in the control group of the immunogenicity cohort who had not initiated sexual intercourse at enrolment was too small for meaningful analysis to explore the role of serology in the risk of HPV infections and CIN. Four or more lifetime sexual partners was also associated with increased risk of CIN1+ and CIN2+. An association between cervical cancer and higher number of sexual partners has been seen in previous studies [8] . Younger age at first sexual intercourse was associated with lower risk of CIN2+; however, as there were only three cases of CIN2+ in the 15-17 year age group, this finding should be interpreted cautiously. Younger age at first sexual intercourse has been previously shown to be associated with increased risk of cervical cancer [8] .
A strength of our analysis is that participants of the PATRICIA study were well-characterized, with high follow-up rates over 4 years and standardized virologic and histologic sampling methods. Although the population of the present analysis was a relatively small subset of the entire PATRICIA population, more women were included in this analysis than in any other study of virginal women. Study limitations included the fact that women from Finland made up approximately two thirds of the population who had not had experience of sexual intercourse before enrolment, a consequence of the school-based trial recruitment strategy in Finland. In addition, PATRICIA included only women aged 15-25 years with no history of immunosuppressive disease, limiting its generalizability. The smaller population in the present analysis meant that the 4-year follow-up period was long enough to detect only a small number of CIN cases, limiting the conclusions that can be drawn about the time between first sexual intercourse and development of pre-cancerous lesions.
Conclusion
Infection with HPV can occur within 2-3 months following first sexual intercourse, and the first CIN1+ lesions within approximately 6 months. The role of previous cervical HPV infection in increasing the risk of developing a pre-cancerous lesion is confirmed, as is the role of the number of lifetime sexual partners in acquisition of an HPV infection. Our estimates of time to infection and time to CIN after sexual initiation are important as they will inform modeling exercises on the natural history of cervical carcinogenesis and the impact of HPV vaccination programs. Furthermore, without underestimating the value of vaccination at older ages, our findings emphasize the importance of vaccinating at a young age, well before girls begin sexual activity, most likely achieved via school-based vaccination programs.
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